Objective: To estimate the association between the release of the Netflix series 13 Reasons Why and suicide rates in the US.
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INTRODUCTION
Suicide is a major public health concern in the United States, and the national age-adjusted rate increased 33% between 1999 and 2017. 1 One established public health approach to suicide prevention is accurate and responsible reporting of suicide in the news media and entertainment industry. 2, 3 Responsible portrayals of suicide, mental illness, and related issues have the potential to promote awareness and help-seeking behaviors, reduce stigma, and refute misperceptions that suicide cannot be prevented. 4 Unfortunately, media depictions about suicide also have the potential to do harm, often through a process in which direct or indirect exposure to suicide increases the risk of subsequent suicidal behavior, known as suicide contagion. 5 Stories profiling someone who died by suicide appear to carry the greatest risk, as vulnerable individuals may identify with the person in the report, with youth potentially more susceptible to this effect. 6, 7 On March 31, 2017, Netflix released the series 13 Reasons Why, based on the bestselling book of the same name. 8 The series portrays the story of an adolescent girl who kills herself following a sequence of traumatic life events that she catalogues before her death on 13 audiotapes and leaves behind for those she believes are at least partially to blame for her suicide. Since its release, the critically acclaimed and widely viewed series has generated substantial debate and controversy, largely due to concerns about its potential for increasing suicide contagion. Critics have argued the series overlooked or ignored evidence [9] [10] [11] and media guidelines 12, 13 suggesting suicide contagion is fostered by stories that sensationalize or promote simplistic explanations of suicidal behavior, glorify or romanticize the decedent, present suicide as a means of accomplishing a goal such as community change or revenge, or offer potential prescriptions of "how to" die by suicide. [14] [15] [16] [17] Unlike most shows with a suicide theme, the creators of 13 Reasons Why also depicted the lead character's suicide in graphic detail believing that showing viewers how disturbing and painful suicide is would be a deterrent for
others. 18 Netflix included warnings at the beginning of three episodes involving the sexual assaults and the suicide. A website was also launched with the release of the show that contained resources and referral information. 19 However, more than a month had passed after the series' release before Netflix strengthened the graphic content advisories and added a warning about the whole series; this warning only appeared before the initial episode.
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Like other Netflix series, after promoting the show in the months before the premiere, all episodes of 13 Reasons Why were released simultaneously, allowing for unlimited viewing of episodes over a short-period of time (i.e., "binge-watching"). According to Netflix, 13 Reasons
Why was the third most binge-watched show of 2017, which they defined as viewing activity of more than 2 hours a day. 21 A recent editorial expressed concern that binge-watching 13
Reasons Why may have a powerful influence on adolescents, whose brains are still developing the ability to inhibit risky behaviors and emotions.
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In this study, we aimed to evaluate the association between the release of 13 Reasons
Why and suicide rates in U.S. individuals aged 10 to 64. We hypothesized the release would have an immediate and sustained impact on suicide rates in youth and emerging adults, 23 because media failure to incorporate best suicide prevention practices is associated with increases in suicide in these age groups relative to adults. 6 We also evaluated sex-specific associations. We expected increases in youth suicide rates in both sexes after the series' release, and that girls would be particularly impacted because the show's protagonist was a teenage girl. Youth viewing patterns of 13 Reasons Why revealed that strong identification with the lead female character was significantly correlated with the belief that the series increased individual suicide risk. 24 We also assessed homicide rates as a control outcome. 
METHOD
Participants and Data Source
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Statistical Analysis
An interrupted time series segmented regression analysis 26,27 was used to compare suicide rates before and after the release of 13 Reasons Why. Poisson regression models were used to estimate the suicide incidence rates and incidence rate ratios (IRRs) along with their 95% CIs within each targeted age group, and separately for male and female individuals. Initial analyses indicated overdispersion in the data (i.e., extra-Poisson variability) and so a more flexible quasiPoisson model was used for all analyses. 28 The model provides independent tests of the underlying trend in suicide rates before the release of 13 Reasons Why; the step change in level after the release; and the post-release trend. Youth suicide rates demonstrate a seasonal pattern with rates being highest in the fall and spring and lowest during summer months.
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Seasonal variation in suicide rates was modeled using harmonic functions of time. To distinguish any association with the release of 13 Reasons Why from other concurrent events a control analysis was also performed using homicide as the outcome.
26,34
Homicide is unlikely to be affected by the series' release but is similar to suicide in that it is also influenced by social and environmental events.
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6 homicide provides stronger evidence to support a link between the series' release and suicide.
In contrast, the presence of an association between the series' release and both suicide and homicide would indicate that the change may be attributable to other factors. We used similar models and tests for the outcome of homicide as described above for suicide.
Statistical analyses were performed with R statistical software version 3. When the observed and forecasted rates of youth suicide were graphed based on the Holt-Winters analysis, there was a visible and statistically significant effect of the release of 13
Reasons Why on subsequent suicide (Figure 1) , with observed rates in April, June, and Figure S1 , available online).
Although the mean monthly count and rate of suicide for female children and adolescents increased after the series' release, the difference was not statistically significant (IRR=1.15; 95% CI=0.89-1.50), with no change in post-release trends (IRR=0.97, 95% CI=0.93-1.01).
Observed suicide rates for 10-to 17-year-old girls in June, 2017 were significantly greater than corresponding forecasted rates, but observed rates in September were significantly lower than expected rates ( Figure S1 , available online).
In contrast to findings for children and adolescents, analysis of suicide rates in 18-to 29-year-olds and 30-to 64-year-olds showed no statistically significant increase in the suicide rate immediately following the release of 13 Reasons Why; there also was no change in post-release
trends. When stratified by sex, statistically significant increases in suicide were not observed for older age-stratified groups of male and female individuals ( Table 1) .
Results of the control analyses revealed no significant changes in homicide rates in any of the targeted age groups ( Table 2, Tables S3 and S4, available increase. This finding highlights previous reports that youth may be particularly vulnerable to suicide contagion. 6, 7 Study findings are particularly troubling given that some mental health professionals and advocates had previously expressed concerns that the release of 13 Reasons
Why might actually promote suicide. 15, 17 The increase in the youth suicide rate that occurred after the initial release of 13
Reasons Why provides an example of potential unintended negative consequences of media portrayals of suicide that do not adhere to best practices. However, it is possible to portray suicide in a way that cultivates hope by increasing awareness of available supports for those who struggle with suicidal thoughts or behaviors.
9 individual coping with suicidal thoughts, seeking help when distressed, and modeling resilience may, in fact, reduce suicidal behaviors, 36 but this has yet to be tested in fictional accounts.
Media and entertainment professionals understandably value freedom of expression and might equate responsible messaging with censorship, as much still remains to be learned about suicide contagion and how media might best contribute to suicide prevention efforts.
Nevertheless, study findings should encourage dialogue and reflection within the entertainment industry about balancing creative license and the medical dictum "primum non nocere" -"first do no harm". 16 Contrary to expectations, data from this study did not conclusively demonstrate that the release of 13 Reasons Why was associated with increased suicide rates in 10-to 17-year-old girls. Reasons for this finding are unclear. Previous studies indicate that suicide contagion disproportionately affects those who strongly identify with the person who died by suicide (particularly celebrities). 11, [37] [38] [39] Numerous media outlets failed to adhere to guidelines for suicide reporting after the death of the actor Robin Williams. This resulted in a roughly 10% increase in suicide deaths in the subsequent five months, representing an excess of 1,841 cases. 40 In that instance, male individuals had the greatest increase in excess suicide events especially from suffocation/hanging, strengthening the case for modeling and identification. 37, 38, 41 Imitation may have contributed to the increase in the male youth suicide rate after the release of 13 Reasons Why, given a male adolescent character made a serious suicide attempt by firearm at the end of the series. A well-known gender paradox in suicide also exists, with male rates of suicide being higher than female rates and female rates of attempted suicide being higher than male rates across the lifespan. 42 Rates of hospitalizations for suicidal behavior have increased steadily among youth over the last decade, with female rates increasing more rapidly than male rates. 43 Although non-fatal suicide attempt rates may have increased for girls after the release of 13
Reasons Why, national monthly suicide attempt data were not available to address this M A N U S C R I P T
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10 question. Finally, the book on which the series was based has been on the New York Times best sellers list during the past decade, 44 with its 10 th anniversary re-release in 2016. 45 Given the likely preponderance of female readership, there may have been some degree of desensitization among girls prior to the Netflix series original release.
This study has several important limitations. First, the quasi-experimental design of our study limits our ability to draw any causal conclusions between the release of 13 Reasons Why and increased suicide rates in young people in the U.S. Nevertheless, the time series and forecasting approaches employed in this study allow us to make credible inferences about this association. The initial increase in youth suicide rates in the month immediately following the series release is concordant with a prior report showing a spike in Internet searches about suicide in the month following release, 46 and a small single-hospital study showing an increase in suicide attempt admissions after the series' premiere. 47 Second, we were unable to assess whether the observed increase in youth suicide rates was attributable to the portrayal of suicide in the series, a lack of adherence to media guidelines (e.g., failure to provide national suicide prevention resources until later months), or other factors. The observation that the series was first released on March 31, 2017 and suicide rates increased that month also raises questions about effects of pre-release media promotion of the series premiere. Third, we did not examine the impact of 13 Reasons Why on specific methods of suicide (e.g., suicide by cutting) due to small cell sizes, which would result in unstable estimates. Fourth, there may have been other events or unmeasured factors that occurred during the study period that might be associated with increased suicide rates. Fifth, our study may have lacked sufficient statistical power to detect a significant association in 10-to 17-year-old girls. Finally, as with most studies looking at possible contagion, we have little understanding of "dose" or context, including who specifically watched the series, when they watched, whether they binge-watched, if it was further discussed in peer-groups, how secondary discussions may have influenced vulnerable individuals, and M A N U S C R I P T
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whether the subsequent focus on suicide prevention may have actually mitigated some of the pronounced contagion effects.
In conclusion, we found a significant increase in suicide rates among US children and adolescents in the month after the release of 13 Reasons Why. Suicide rates in two subsequent months remained elevated over forecasted rates, resulting in 195 additional deaths. There is no discernible public health benefit associated with viewing the series, and caution regarding the exposure of children and adolescents is warranted. As the second season of the series is now underway, and a 3 rd season is planned, continued surveillance is needed to monitor potential consequences on suicide rates in association with viewing the series. 
